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Description 

Fieid Of The Invention 

[0001] Tlie present invention relates to a compact 
cooling apparatus for an electrochemical fuel cell as- 
sembly. More particularly the present invention relates 
to solid polymer electrochemical fuel cell assemblies in 
which coolant and reactant stream passages are dis- 
posed in a common separator layer and the coolant 
stream passages do not superpose the electrocheml- 
caliy active area of the adjacent fuel cell. 

Background Of The Invention 

[0002] Electrochemical fuel celts convert fuel and ox- 
idant to electricity and reaction product. Solid polymer 
electrochemical fuel cells generally employ a mem- 
brane electrode assembly ("MEA") comprising a solid 
polymer electrolyte or ion exchange membrane inter- 
posed between two electrodes. Each electrode includes 
electrocatalyst material, defining an electrochemically 
active area, to Induce the desired electrochemical reac- 
tion in the fuel cell. The electrodes are electrically cou- 
pled to provide a path for conducting electrons between 
the electrodes through an external load. 
[0003] In typical fuel cells, the MEA is disposed be- 
tween two separator layers. Each separator layer typi- 
cally comprises a substantially fluid impermeable elec- 
trically conductive separator plate and a layer of porous 
electrically conductive material interposed between the 
plate and the electrocatalyst-containing electrode. The 
porous electrically conductive material may be consoli- 
dated with the MEA, The plate acts as current collector 
and provides support for the membrane electrode as- 
sembly. Typically the plate is a fluid flow field plate with 
at least one flow passage formed therein to direct the 
fuel or oxidant to the respective electrode, namely, the 
anode on the fuel side and the cathode on the oxidant 
side. In some solid polymer fuel cells channels are not 
provided in the separator plate surfaces, and the reac- 
tants are directed through passages in the porous layer 
which, for example, may include channels or grooves 
formed in the porous layer or may be just be the inter- 
connected pores or interstices of the porous material. 
Examples of such fuel cells are described in U.S. Patent 
No. 5,252,410. for example, at column 3. line 42 - col- 
umn 5, line 27 and in Rg. 3. 

[0004] At the anode, the fluid fuel stream moves 
through the porous layer and is oxidized at the anode 
electrocatalyst. At the cathode, the fluid oxidant stream 
moves through the porous layer and is reduced at the 
cathode electrocatalyst. The ion exchange membrane 
conducts ions from one electrode to the other and sub- 
stantially isolates the fuel stream on the anode side from 
the oxidant stream on the cathode side. 
[0005] Two or more fuel celts can be connected to- 
gether, generally in series, but sometimes in parallel, to 



increase the overall power output of the assembly. Fuel 
cells are commonly electrically connected in series in 
fuel cell stacks by stacking individual fuel cell assem- 
blies. In such series connected fuel cell stacks one side 
5 of a given separator plate can sen/e as an anode plate 
for one cell and the other side of the plate can serve as 
the cathode plate for the adjacent cell, 
[0006] The electrochemical reaction which occurs in 
a fuel cell is generally exothermic and systems are pro- 
10 vided for controlling the temperature of the fuel cell. In 
conventtonal solkj polymer fuel cell stacks, cooling of 
the fuel cells is typically accomplished by providing cool- 
ing layers disposed between adjacent pairs of stacked 
fuel cells. Often the cooling layer is similar in design to 
15 a reactant flow field plate wherein a cooling fluid ("cool- 
ant"), typically water, is fed from an inlet manifold and 
directed across the cooling plate in channels to an outlet 
manifold. This type of fuel cell stack typically requires 
three plates t)etween each adjacent MEA, namely, an 

20 anode plate, a cathode plate and a cooling plate, as 
shown in FIG. 3a. In some cases, it is possible to con- 
figure the coolant ftow field on the reverse side of one 
of the reactant (anode or cathode) plates, in which case 
only two plates per repeating unit are required, as shown 

25 in FIG. 3b. However, such a double-sided configuration 
generally requires a thicker plate to substantially elimi- 
nate permeation of the coolant through the thickness of 
the plate into the reactant stream. Sometimes a cooling 
plate is incorporated between every other pair of fuel 

30 cells as shown in FIG. 3c. 

[0007] In each of the conventional arrangements illus- 
trated in FIGS. 3a-c, the coolant flows in a different plane 
than the reactants. in passages which superpose the fu- 
el cell electrodes and the reactant stream passages. (As 

35 used herein, the term "superpose" means to lay over 
and align with, but not necessarily in contact with.) in 
operation, heat generated in the fuel cells is drawn away 
from each fuel cell by the coolant through the thickness 
of the plates In the 'z-direction', that is, perpendicular 

40 to the plane of the fuel cell assemblies. Heat is then 
transferred to and carried away by a circulating coolant 
[0008] It is desirable to increase the power density of 
fuel cell stacks by decreasing the volume and weight of 
each of the individual repeating fuel cell units of the 
stack. The present integrated reactant and coolant fluid 
flow field layer eliminates the separate cooling layers as- 
sociated with conventional fuel cell stacks by incorpo- 
rating the coolant stream passages in the same layer in 
which the reactant stream passages are provided. This 

50 approach allows the use of only one fluid flow field plate 
per fuel cell in a stack. This decreases the stack weight 
and volume, thereby increasing the power density of the 
stack, and also simplifies the manufacturability of the 
stack because only one type of fluid flow field plate is 

55 required. 
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Summary Of The Invention 

[0009] An electrochemical fuel cell assembly with an 
integrated reactant and coolant fluid flow field layer com- 
prises a pair of separator layers and a membrane elec- 
trode assembly interposed between the separator lay- 
ers. The membrane electrode assembly comprises a 
pair of electrodes and an ion exchange membrane in- 
terposed therebetween, the electrodes having electro- 
catalyst associated therewith defining an electrochemi- 
cally active area. Each of the separator layers compris- 
es a reactant portion superposing the electrochemicaily 
active area and a remaining portion not superposing the 
electrochemicaily active area. Each of the separator lay- 
ers also comprises a reactant stream inlet, a reactant 
stream outlet and at least one reactant stream passage 
in fluid communication with one of the electrodes for di- 
recting a fluid reactant stream from the reactant stream 
inlet to the reactant stream outlet. A predominant portion 
of the at least one reactant stream is passage disposed 
in the reactant portion of the separator layer. At least 
one of the separator layers further comprises at least 
one coolant stream inlet, at least one coolant stream 
outlet and at least one coolant stream passage for di- 
recting a coolant stream from the at least one coolant 
stream inlet to the at least one coolant stream outlet. 
The at least one coolant stream passage is disposed 
only in the remaining portion of the separator layer, and 
is fluidly isolated from the at least one reactant stream 
passage. 

[001 0] The separator layer may comprise one or more 
discrete layers of material. In preferred embodiments, 
at least one of the separator layers comprises a sut>- 
stantially fluid impermeable plate having oppositely fac- 
ing major planar surfaces. Preferably the plate material 
is electrically conductive and substantially non-porous. 
[0011] In preferred embodiments the at least one 
coolant stream passage extends parallel to the major 
planar surfaces of the plate. The at least one coolant 
stream passage may comprise at least one channel 
formed in one of the surfaces of the plate. Similarly, the 
at least one reactant stream passage may comprise at 
least one channel formed In one of the surfaces of the 
plate. Thus, the plate may have coolant channels or re- 
actant channels or boXt\ formed therein. 
[0012] In a further emt)odiment, the separator layer 
further comprises a porous layer interposed between 
the reactant portion of the substantially fluid impermea- 
ble plate and the membrane electrode assembly, and 
the at least one reactant stream passage comprises the 
interstices of the porous layer. The surface of the plate 
facing the porous layer may be substantially smooth or 
may have reactant stream channels fomrted therein, as 
described aboye. The porous layer may optionally have 
channels, grooves, perforations or other such structures 
fomied therein to facilitate the flow of reactant between 
the reactant stream inlet and the outlet. Preferably the 
porous layer is electrically conductive. For example. 



suitable materials include cartx}n fiber paper and elec- 
trically conductive or non-conductive webs, meshes or 
fabrics preferably partially filled with electrically conduc- 
tive material. 

5 [0013] In a still further embodiment, the remaining 
portion of the separator layer may comprise the porous 
layer, and the at least one coolant stream passage may 
comprise a coolant stream conduit or hollow tube ex- 
tending through the porous layer fluidly connecting the 

10 coolant stream inlet and the coolant stream outlet, the 
conduit or tube having substantially fluid impemieable 
walls. Alternatively the coolant passages may comprise 
the interstices of the porous layer (thus the coolant may 
flow in the porous layer) provided the coolant passages 

15 are disposed only in the remaining portion and are fluidly 
isolated from the reactant passages. 
[0014] In the emt)odiments describedy above, the 
coolant and reactant stream inlets and outlets may, for 
example, comprise openings formed in the separator 

20 layers (internal manifold openings) or may comprise the 
interface between the edges of the separator layers and 
external manifolds attached to the edges of the separa- 
tor layers. 

[0015] In alternative emtxKJiments the at least one 

25 coolant stream passage extends through the plate of the 
separator layer from one of its major planar surfaces to 
the other, the at least one coolant stream passage ex- 
tending substantially perpendicular to its major planar 
surfaces. Thus, there is at least one opening extending 

30 through the thickness of the remaining portion of sepa- 
rator layer through which a coolant stream Is directed. 
The remaining portion may comprise a plurality of non- 
contiguous regions, some of which are surrounded by 
reactant portion. 

35 [0016] An electrochemical fuel cell stack comprising 
integrated reactant and coolant fluid flow field layers 
comprises a plurality of fuel cells and a separator layer 
interposed between each pair of adjacent fuel cells. 
Each of the fuel cells comprises a membrane electrode 

40 assembly comprising a pair of electrodes and an ion ex- 
change membrane interposed therebetween, the elec- 
trodes having electrocatalyst associated therewith de- 
fining an electrochemicaily active area. Each of the sep- 
arator layers comprises a reactant portion superposing 

"^5 the electrochemicaily active area of the pair of fuel cells 
on either side of it, and a remaining portion not super- 
posing the electrochemicaily active area. Each of the 
separator layers also comprises a first reactant stream 
inlet, a first reactant stream outlet and at least one first 

50 reactant stream passage in fluid communication with an 
electrode of a first fuel cell of the pair of fuel cells, for 
directing a first reactant stream from the first reactant 
stream inlet to the first reactant stream outlet, a predom- 
inant portion of the at least one first reactant stream pas- 

55 sage disposed in the reactant portion. Each of the sep- 
arator layers further comprises a second reactant 
stream Inlet, a second reactant stream outlet and at 
least one second reactant stream passage, in fluid com- 
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munication with an electrode of a second fuel cell of the 
pair of fuel cells, for directing a second reactant stream 
from the second reactant stream inlet to the second re- 
actant stream outlet, a predominant portion of the at 
least one second reactant stream passage disposed in 
the reactant portion. Each of the separator layers further 
comprises at least one coolant stream inlet, at least one 
coolant stream outlet and at least one coolant stream 
passage for directing a coolant stream from the at least 
one coolant stream inlet to the at least one coolant 
stream outlet, wherein the at least one coolant stream 
passage is disposed only in the remaining portion of the 
separator layer, and is fluidly isolated from the first and 
second reactant stream passages. 
[0017] The separator layers may each comprise one 
or more discrete layers of material interposed t)etween 
each pair of adjacent fuel cells. In a preferred embodi- 
ment, each separator layer comprises a sut>stantially 
fluid impermeable plate having oppositely facing major 
planar surfaces. 

[0018] In preferred embodiments, the at least one 
coolant stream passage extends substantially parallel 
to the major planar surfaces of the plate. The coolant 
stream passages may comprise channels formed in one 
or both surfaces of the plate. The at least one first reac- 
tant stream passage may comprise at least one channel 
fomied in one of the surfaces of the plate and the at least 
one second reactant stream passage may comprise at 
least one channel fonned in the oppositely facing sur- 
face of the plate. 

[0019] As descrit)ed in more detail above, the sepa- 
rator layer may further comprise a porous layer inter- 
posed between the plate and the first fuel ceil, and the 
at least one first reactant stream passage comprises the 
interstices of the porous layer. The remaining portion of 
the separator layer may also comprise the porous layer, 
and the at \east one coolant stream passage may com- 
prise a coolant stream conduit extending through the po- 
rous layer fluidly connecting the coolant stream inlet and 
the coolant stream outlet. Alternatively the coolant pas- 
sages may comprise the interstices of the porous layer 
provided the coolant passages are disposed only in the 
remaining portion and are fluidly isolated from the reac- 
tant passages. 

[0020] In aitemative embodiments the at least one 
coolant stream passage extends through the plate of 
each separator layer from one of its major planar sur- 
faces to the other, the at least one coolant stream pas- 
sage extending substantially perpendicular to its major 
planar surfaces. Thus, aligned openings extending 
through the thickness of the remaining portion of each 
of the separator layers in the stack form passages 
through which a coolant stream is directed. The remain- 
ing portion of each separator layer may comprise a plu- 
rality of noncontiguous regions, some of which are sur- 
rounded by the reactant portion of the separator layer, 
so that coolant passages may extend perpendicularly 
through the active area of the membrane electrode as- 



semblies. 

[0021] In any of the embodiments described above 
the fuel cell assembly may be a 'plaque' assembly in 
which two or more membrane electrode assemblies are 

5 arranged in a plane In a side-by-side relationship (jux- 
taposed). In this case the reactant portion of each sep- 
arator layer comprises a plurality of noncontiguous re- 
gions, each region superposing the electrochemically 
active area of one of the juxtaposed membrane elec- 

10 trode assemblies. 

[0022] In some embodiments, it may be desirable that 
the remaining portion of the separator layer be electri- 
cally isolated from the reactant portion of the separator 
layer. 

IS [0023] In any of the embodiments described at>ove 
the coolant may be a liquid or a gas. Suitable coolants 
include water and air. Other suitable coolants include, 
but are not limited to. glycol-containing liquids and die- 
lectric fluids, such as mineral oils and silicone oils. 

20 

Brief Description Of The Drawings 

[0024] FIG. 1 a is a side cross-sectional view of a con- 
ventional (prior art) electrochemical fuel cell assembly 

25 comprising a pair of fluid flow field plates. 

[0025] FIG. 1 b is a side cross-sectional view of a con- 
ventional (prior art) electrochemical fuel cell assembly 
comprising a pair of separator plates with reactant chan- 
nels formed In layers of porous electrically conductive 

30 sheet material. 

[0026] FIG. 2 is a partially exploded isometric view of 
a conventional (prior art) solkJ polymer fuel cell stack 
showing a membrane electrode assembly interposed 
between two fluid flow field plates. 

35 [0027] FIGS. 3a-c are side cross-sectional views 
showing three different configurations of repeating fuel 
cell units found in conventional (prior art) fuel cell stacks. 
[0028] FIG. 4 is an isometric view of a fuel cell stack 
with an integrated reactant and coolant fluid flow layer 

40 interposed between adjacent pairs of fuel cell plaque as- 
semblies. 

[0029] FIG. 5 Is an exploded isometric view of a por- 
tion of the fuel cell stack of FIG. 4. 
[0030] FIG. 6 is an exploded Isometric view of a por- 

45 tion of a fuel cell stack with a single integrated reactant 
and coolant fluid flow layer interposed between adjacent 
fuel cell membrane electrode assemblies. 
[0031] FIG. 7 is an partially exploded, schematic, iso- 
metric view of a fuel cell stack with an integrated reac- 

50 tant and coolant fluid flow layer interposed between ad- 
jacent pairs of fuel cell membrane electrode assemblies, 
where the coolant stream passages extend through the 
stack substantially perpendfcular to the major planar 
surfaces of the stacked assemblies. 

55 

Detailed Description Of The Prefered Embodiments 
[0032] Turning first to FIG. la. a conventional (prior 
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art) electrochemical fuel cell assembly 10 includes 
membrane electrode assembly 12 interposed between 
substantially fluid impermeable plates 14 and 16. Mem- 
brane electrode assembly 12 consists of an ion ex- 
change membrane 18 interposed between two elec- 
trodes, namely anode 20 and cathode 30. In conven- 
tional fuel cells, anode 20 and cathode 30 each include 
a layer of porous electrically conductive material 22 and 
32, such as. for example, carbon fiber paper or carbon 
cloth, which has electrocatalyst material associated 
therewith. The electrocatalyst material is commonly dis- 
posed in a thin layer 24 and 34 on the surfaces of the 
electrodes 20 and 30 at the interface with the membrane 
18. The location of the electrocatalyst defines the elec- 
trochemicaily active area of fuel cell assembly 1 0. Plates 
14 and 16 each have at least one open-faced channel, 
14a and 16a respectively, formed in the surface facing 
the membrane electrode assembly 12. When assem- 
bled against the cooperating surfaces of the electrodes 
20 and 30, channels 14a and 16a define reactant flow 
passages for fluid oxidant and fuel streams, respective- 
ly. 

[0033] FIG. 1 b shows a conventional (prior art) elec- 
trochemical fuel cell assembly 1 1 0 including membrane 
electrode assembly 112 interposed between substan- 
tially fluid impermeable plates 114 and 116. Membrane 
electrode assembly 112 consists of an ion exchange 
membrane 118 interposed between two electrodes, 
namely anode 1 20 and cathode 1 30 which each include 
a layer of porous electrically conductive material 122 
and 132 and a thin layer of electrocatalyst material 124 
and 134. Plates 114 and 116 have substantially smooth 
surfaces. Porous layers 122 and 132 optionally have 
grooves or channels, 122a and 132a respectively, 
formed in the surface facing the plates 114 and 116. 
When assembled against the cooperating surfaces of 
the plates 114 and 116, channels 132a and 122a define 
reactant flow passages for fluid oxidant and fuel streams 
respectively. Fluid reactant streams can also flow within 
the interstices of porous layers 122 and 132. 
[0034] FIG. 2 illustrates a conventional (prior art) fuel 
cell stack 200, including a pair of end plate assemblies 
202 and 204. and a plurality of stacked fuel cell assem- 
blies 210. Tie rods 206 extend between end plate as- 
semblies 202 and 204 to retain and secure the stack 
200 in its assembled state with fastening nuts 207. 
Springs 208 threaded on the tie rods 206 interposed be- 
tween the fastening nuts 207 and the end plate assem- 
bly 202 apply resilient compressive force to the stack in 
the longitudinal direction. Fluid reactant and coolant 
streams are supplied to and exhausted from internal 
manifolds and passages in the stack 200 via inlet and 
outlet ports (not shown) in end plate assembly 204. 
[0035] Details of the repeating unit 211 of individual 
fuel cell assemblies 210 which make up the stack 200 
is shown in exploded form in FIG. 2. Each fuel cell as- 
sembly 210 includes a cathode flow field plate 214, an 
anode flow field plate 216. and a membrane electrode 



assembly 212 interposed between plates 214 and 216. 
Membrane electrode assembly 212 consists of an ion 
exchange membrane interposed between two elec- 
trodes, namely an anode and a cathode (detail not 

5 shown). The electrochemically active area 213 of the 
membrane electrode assembly 212 has electrocatalyst 
(not shown) disposed at both the membrane-electrode 
interfaces. Cathode flow field plate 214 has a plurality 
of open-faced channels 214a fornied in the surface fac- 

10 ing the membrane electrode assembly 212. The chan- 
nels 214a traverse the portion of the plate 214 which 
superposes the electrochemk:ally active area 213, and 
extend from an oxidant stream inlet manifold opening 
215 to an oxidant stream outlet manifold opening (not 

15 shown) formed in the diagonally opposite comer of the 
plate 214. Similarly, anode flow field plate 21 6 has a plu- 
rality of open-faced channels (not shown) formed in the 
surface facing the membrane electrode assembly 212, 
extending from a fuel stream inlet manifold opening 21 7 

20 to a fuel stream outlet manifold opening 21 9 and travers- 
ing the portion of the plate 216 whrch superposes the 
electrochemically active area 213. 
[0036] Cathode plate 21 4 also has a plurality of open- 
faced channels (not shown) formed in the oppositely 

25 facing surface thereof (facing away from the membrane 
electrode assembly 212). When assembled against the 
cooperating surface of the next anode fluid flow field 
plate 216a, the channels define coolant flow passages, 
for directing a coolant stream from an inlet manifold 

30 opening 221 to an outlet manifold opening (not shown), 
which traverse the portion of the plate 21 4 which super- 
poses the electrochemically active area 213. 
[0037] When the stack 200 is secured in its assem- 
bled, compressed state the internal fuel, oxidant and 

35 coolant manifolds and passages are typically fluidly iso- 
lated from one another by seals on the plates and/or on 
the membrane electrode assemblies. 
[0038] FIGS. 3a-c are side cross-sectional views 
showing three examples of configurations of fuel cell as- 
sembly repeating units found in conventional (prior art) 
fuel cell stacks. FIG. 3a illustrates a configuration in 
which three plates are employed per membrane elec- 
trode assembly. Each fuel cell assembly repeating unit 
310 includes a membrane electrode assembly 312 in- 

45 terposed between a pair of substantially fluid imperme- 
able, oxidant and fuel fluid flow field plates 31 4 and 31 6 
respectively. A coolant fluid flow field plate 340 is inter- 
posed between each fuel and oxidant fluid flow field 
plate. FIG. 3b illustrates a configuration in which two 

50 plates are employed per membrane electrode assem- 
bly, as in fuel ceil stack 200 illustrated in FIG. 2. Each 
fuel cell assembly repeating unit 410 includes a mem- 
brane electrode assembly 412 interposed between a 
substantially fluid impermeable fuel fluid flow field plate 

55 416 and a combined oxidant-coolant fluid flow field plate 
440 which is also preferably substantially fluid imperme- 
able. Coolant passages 440b are provided on the face 
of plate 440 facing away from membrane electrode as- 
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sembly 412. In the configuration shown in FIG. 3c each 
membrane electrode assembly 512 is interposed be- 
tween a pair of substantially fluid impermeable, oxidant 
and fuel fluid flow field plates 514 and 516 respectively. 
A coolant fluid flow field plate 540 is interposed between 
every other pair of oxidant and fuel fluid flow field plates 
514 and 516. Thus each fuel ceil assembly repeating 
unit 510 includes two membrane electrode assemblies 
512. two oxidant fluid flow field plates 514, two fuel fluid 
flow field plates 51 6 and a single coolant fluid flow field 
plate 540. In each of the conventional arrangements de- 
scribed above and illustrated in FIGS. 3a-c. distinct 
"cooling layers' are provided in the stacked assemblies 
and the coolant stream flows in a different plane than 
the reactants, in passages which superpose the fuel cell 
electrodes and the reactant passages. In these conven- 
tional arrangements, if the plate material separating the 
reactant and coolant stream passages is not sufficiently 
thick, and is slightly fluid permeable or has a defect in 
it. the coolant and reactant fluids may contact each other 
which is generally undesirable. Further, the coolant may 
contact the electrocatalyst of the fuel ceil membrane 
electrode assembly, which can be detrimental to per- 
formance and can cause damage to the fuel cells, par- 
ticularly if the coolant is other than water or air. 
[0039] FIG. 4 shows a fuel cell stack 600 in which the 
individual stacked fuel cell assemblies include an inte- 
grated reactant and coolant fluid flow field layer. Fuel 
cell stack 600 includes end plate assemblies 602 and 
604 and a plurality of fuel cell assemblies 61 0 interposed 
between the end plate assemblies 602, 604. Each fuel 
cell assembly includes a single fluid flow field plate 
which has fuel stream passages fomied in one face, ox- 
idant stream passages formed in the other face, and 
coolant stream passages formed in both faces (see FIG. 
5). Compression bands 605 extend tightly around the 
end plate assemblies 602, 604 and fuel cell assemblies 
610 to retain and secure stack 600 in its assembled 
state. In the illustrated embodiment of a fuel celt stack 
600, fluid reactants and coolant are supplied to and ex- 
hausted from internal manifolds and passages in the 
stack 600 via a central fluid distribution plate 603. 
[0040] FIG. 5 is an expk>ded isometrk; view of a por- 
tion of fuel cell stack 600 of FIG. 4 showing the repeating 
unit 611 . A plaque fuel cell assembly 660 is interposed 
between two substantially identical fluid flow field plates 
650. Plaque fuel cell assembly 660 includes two mem- 
brane electrode assemblies 612a and 612b arranged in 
the same plane in a side-by-side relationship (juxta- 
posed). Membrane electrode assemblies 612a, 612b 
each include an ion exchange membrane interposed 
between two porous electrically conductive electrode 
layers, namely an anode and a cathode (detail not 
shown). The electrochemically active areas 613a, 613b 
of the membrane electrode assemblies 612a, 612b re- 
spectively have electrocatalyst (not shown) disposed at 
both the membrane-electrode interfaces. Preferably the 
ion exchange membranes extend only slightly beyond 



electrochemically active areas 61 3a. 61 3b as shown by 
broken lines 618a, 618b. Preferably membrane elec- 
trode assemblies 612a, 61 2b are surrounded by a multi- 
layer plastic frame or gasket 670. Examples of gasket- 

5 ted membrane electrode assemblies are described in U. 
S. Patent No. 5,464.700. for example, in Figs. 2, 4. 6 
and 8 and at column 2, line 63 to column 3, line 61 . 
[0041] The upper surface (as shown in FIG. 5) of each 
of fluid flow field plates 650 has two sets of open-faced 

10 channels 656a. 656b formed on it. The sets of channels 
656a. 656b each traverse a portion of the plate 650 
which superposes the electrochemically active area 
613a, 613b respectively. Channels 656a extend from 
oxidant stream inlet manifold opening 615a to oxidant 

15 stream outlet manifold opening 625a to direct an oxidant 
stream in fluid communication with the electrode (cath- 
ode) on the lower face of adjacent membrane electrode 
assembly 612a. Similarly, channels 656b extend from 
oxidant stream inlet manifold opening 61 5b to oxidant 

20 stream outlet manifold opening 625b to direct an oxidant 
stream in fluki communication with the electrode on the 
lower face of adjacent membrane electrode assembly 
612b. 

[0042] The lower surface (as shown in FIG. 5) of each 

25 of fluid flow field plates 650 also has two similar sets of 
open-faced channels in it (not shown). The first set ex- 
tends from fuel stream inlet manifold opening 617a to 
fuel stream outlet manifold opening 61 9a to direct a fuel 
stream in fluid communication with the electrode (an- 

30 ode) on the upper face of the adjacent membrane elec- 
trode assembly (not shown) of the next repeating unit. 
The second set of channels extends from fuel stream 
inlet manifold opening 617b to oxidant stream outlet 
manifold opening 619b to direct a fuel stream in fluid 

35 communication with the electrode on the upper face of 
the adjacent membrane electrode assembly. Thus, the 
first and second sets of fuel stream channels traverse a 
portion of the plate 650 which superposes the electro- 
chemically active area 613a. 613b respectively. 

40 [0043] In the illustrated embodiment, both surfaces of 
each plate 650 are provided with coolant stream chan- 
nels 666 which extend from coolant stream inlet mani- 
fold opening 621 to coolant stream outlet manifold open- 
ing 623 and are disposed in the portion of the plate 650 

45 which does not superpose electrochemically active ar- 
eas 613a, 613b. Plates 650 are substantially fluid im- 
permeable and in the assembled fuel cell stack 600 the 
fuel, oxidant and coolant manifolds and passages are 
typically fluidly isolated from one another by various 

50 sealing mechanisms. For example, seals 675 on each 
of plates 650 cooperate with the adjacent plastic frame 
670 of the fuel cell plaque assembly 660 to fluidly isolate 
coolant flowing in channels 666 from oxidant flowing in 
channels 656a, 656b. In the illustrated embodiment 

55 eight fluid manifold openings corresponding to those 
formed in each of plates 650 are formed in the plastic 
frame 670. In the assembled stack, the aligned fluid 
manifold openings form internal manifolds or headers 
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for supply and exhaust of reactant and coolant fluids. 
[0044] Preferably plates 650 are electrically conduc* 
tlve so that juxtaposed anodes and cathodes of mem- 
brane electrode assemblies 61 2a, 61 2b in the same fuel 
cell plaque assembly 610 will be electrically connected 
in parallel by the plate, and superposed cells in adjacent 
stacked plaque assemblies will be electrically connect- 
ed in series (from one layer to the next), by the plate. 
With respect to the manifolding of reactant fluids, in the 
embodiment illustrated in FIG. 5 separate reactant sup- 
ply and exhaust headers are provided for each cell in 
the plaque. Superposed cells in adjacent stacked 
plaque assemblies are supplied with reactants (in par- 
allel) via a common header. There are many alternative 
ways of electrically connecting, fluidly connecting and 
supplying reactants to fuel cells arranged in stacked 
plaque assemblies, some of which are described in U. 
S. Patent Nos. 4,699,853 and 5,069.985. 
[0045] FIG. 6 is an exptoded isometric view of a por- 
tion of a fuel cell stack (similar to stack 600 of FIGS. 4-5) 
showing the repeating unit 711 . A fuel cell assembly 760 
is interposed between two substantially identical fluid 
flow field plates 750. Fuel cell assembly 760 includes a 
single membrane electrode assembly 712 including an 
ton exchange membrane interposed between two po- 
rous electrtoally conductive electrode layers, namely an 
anode and a cathode (detail not shown). The eiectro- 
chemically active area 713 of the membrane electrode 
assembly 712 has a electrocatalyst (not shown) dis- 
posed at both the membrane-electrode interfaces. Pref- 
erably the ion exchange membrane extends only slightly 
beyond the electrochemically active area 71 3 as shown 
by broken lines 71 8. Preferably the membrane electrode 
assembly 712 is surrounded by a multi-layer plastic 
frame or gasket 770. 

[0046] The upper surface (as shown in FIG. 6) of each 
of fluid fk)w field plates 750 has a plurality of open-faced 
channels 756 formed in it. The channels 756 traverse a 
portion of the plate 750 which superposes the electro- 
chemically active area 713. Channels 756 extend from 
oxidant stream inlet manifold opening 715 to oxidant 
stream outlet manifold opening 725 to direct an oxidant 
stream in flukj communication with the electrode (cath- 
ode) on the lower face of adjacent membrane electrode 
assembly 712. The lower surface (as shown in FIG. 6) 
of each of fluid flow field plates 750 also has similar 
open-faced channels in it (not shown), extending from 
fuel stream inlet manifold opening 717 to fuel stream 
outlet manifold opening 719, to direct a fuel stream in 
fluid communication with the electrode (anode) on the 
upper face of the adjacent membrane electrode assem- 
bly. The fuel stream channels also traverse a portion of 
the plate 750 whrch superposes the electrochemically 
active area 713. 

[0047] In the illustrated embodiment, both surfaces of 
each plate 750 are provided with coolant stream chan- 
nels 766a, 766b which extend from coolant stream inlet 
manifold openings 721a. 721b to coolant stream outlet 



manifold openings 723a. 723b respectively, and are dis- 
posed in the portton of the plate 750 which does not su- 
perpose the electrochemically active area 713. Plates 
750 are substantially fluid impermeable and in the as- 

5 sembled fuel cell stack the fuel, oxidant and coolant 
manifolds and passages are typically fluidly isolated 
from one another by various sealing mechanisms. For 
example, seals 775 on each of plates 750 cooperate 
with the adjacent plastic frame 770 of the fuel cell as- 

w sembly 760 to fluidly isolate coolant flowing in channels 
766a. 766b from oxkJant flowing in channels 756. In the 
illustrated embodiment fluid manifold openings corre- 
sponding to those formed in each of plates 750 are 
formed in the plastic frame 770. In the assembled stack, 

IS the aligned fluid manifokJ openings form intemal mani- 
folds or headers for supply and exhaust of reactant and 
coolant fluids. 

[0043] Again, preferably plates 750 are electrically 
conductive so that the cells in adjacent stacked fuel cell 

20 assemblies will be electrrcally connected in series (from 
one layer to the next), by the plate. 
[0049] In the embodiments illustrated in FIGS. 4-6 de- 
scribed above, coolant stream passages extend sub- 
stantially parallel to the major planar surfaces of the 

25 plate and to the major planar surfaces of the membrane 
electrode assemblies. FIG. 7 shows a simplified sche- 
matic isometric view of a fuel cell stack 800 in which 
coolant stream passages extend through the thickness 
of each separator layer from one of its major planar sur- 

30 faces to the other, the coolant stream passages thus ex- 
tending substantially perpendicular to its major planar 
surfaces. 

[0050] Fuel cell stack 800 includes end plate assem- 
blies 802 and 804 and a plurality of fuel cell assemblies 

35 810 interposed between the end plate assemblies 802. 
804. Each repeating unit fuel cell assembly 81 0 includes 
a single fluid flow field plate and a membrane electrode 
assembly (detail not shown). The upper surface (as 
shown in FIG. 7) of each fluid flow field plate of repeating 
units 810 has at least one open-faced oxidant stream 
channel formed in it which traverses a portion of the 
plate whfch superposes the electrochemically active ar- 
ea of the adjacent membrane electrode assembly. A 
portion of such an oxidant stream channel 856 is shown 
in plate 850, extending from oxidant stream inlet mani- 
fold opening 81 5 to oxidant stream outlet manifokj open- 
ing 825. The lower surface (as shown in FIG. 7) of each 
of fluid flow field plates 850 also has similar open-faced 
channels in it (not shown), extending from fuel stream 

50 inlet manifold opening 81 7 to fuel stream outlet manifold 
opening 819. In the assembled stack, the aligned reac- 
tant fluid manifold openings form internal manifolds or 
headers for supply and exhaust of reactants to the chan- 
nels in the fluid flow field plates. The fluid reactant 

55 streams are supplied to and exhausted from these in- 
temal manifolds via oxklant inlet and outlet ports 880 
and 882 respectively, and fuel inlet and outlet ports 884 
and 886 respectively, in end plate assembly 804. 
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[0051 ] In the illustrated fuel cell stack 800, the surfac- 
es of the fluid flow field plates 850 do not have coolant 
stream channels formed therein. Aligned openings 821 
extending through the thickness of the repeating units 
810 form interconnected coolant passages 866 through 
which a coolant stream is directed substantially perpen- 
dicular to the major planar surfaces of the stacked as- 
semblies 810. Thus, coolant stream passages extend 
through each separator layer, from a coolant stream in- 
let on one of its major planar surfaces to a coolant 
stream outlet on the other major planar surface, and are 
disposed in the portion of the layer which does not su- 
perpose the electrochemlcally active area of the adja- 
cent membrane electrode assemblies. The passages 
866 also preferably extend through a plastic frame sur- 
rounding each membrane electrode assembly. In the il- 
lustrated embodiment the coolant passages 866 are 
configured so that the coolant is directed up and down 
through the stack in four passes on two sides of the 
stack. The end plate assemblies 802, 804 are designed 
to redirect the coolant up and down through the stack 
as indicated by the arrows in FIG. 7. 
[0052] The coolant stream is supplied to and exhaust- 
ed from these passages via coolant inlet ports, 888a. 
888b, and coolant outlet ports, 890a, 890b, in end plate 
assembly 804. 

[0053] Again the plates 850 are preferably substan- 
tially fluid impermeable and in the assembled fuel cell 
stack the fuel, oxidant and coolant manifolds and pas- 
sages are typically fluidly isolated from one another by 
various sealing mechanisms (not shown). Preferably 
plates 850 are also electrically conductive so that the 
cells in adjacent stacked fuel cell assemblies will be 
electrically connected in series (from one layer to the 
next), by the plate. 

[0054] In the embodiments illustrated in FIGS. 4-7 
and described above, preferably the fluid flow field 
plates are highly thennally conductive so that heat is 
conducted laterally through the plate from the region su- 
perposing the electrochemlcally active area of the mem- 
brane electrode assemblies to the region having coolant 
stream passages formed therein. 
[0055] In practice, the shape and dimensions of mem- 
brane electrode assemblies and the configuration of the 
reactant and coolant stream passages are selected so 
that, in operation, adequate cooling is obtained across 
the entire electrochemlcally active area of each fuel cell 
in a fuel cell stack. The preferred operating conditksns. 
the thermal conductivity of the separator layer materials, 
the nature of the coolant, and the power and voltage re- 
quirements. 
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3. 



4. 



5. 



a membrane electrode assembly interposed 
between said separator layers, said membrane 
electrode assembly comprising a pair of elec- 
trodes and an ion exchange membrane inter- 
posed therebetween, said electrodes having 
electrocatalyst associated therewith defining 
an electrochemk:ally active area; 
each of said separator layers comprising a re- 
actant portion superposing said electrocheml- 
cally active area and a remaining portion not 
superposing said electrochemically active ar- 
ea; 

each of said separator layers comprising a re- 
actant stream inlet, a reactant stream outlet and 
at least one reactant stream passage in fluid 
communlcatton with one of said electrodes for 
directing a fluid reactant stream from said reac- 
tant stream inlet to said reactant stream outlet, 
a predominant portion of said at least one re- 
actant stream passage disposed in sakJ reac- 
tant portk)n; 

at least one of said separator layers further 
comprising at least one coolant stream inlet, at 
least one coolant stream outlet and at least one 
coolant stream passage for directing a coolant 
stream from sakj at least one coolant stream 
Inlet to said at least one coolant stream outlet, 
wherein said at least one coolant stream pas- 
sage is disposed only in sakj remaining portion 
and is fluidly isolated from said at least one re- 
actant stream passage. 

The electrochemical fuel cell assembly of claim 1 
wherein said at least one of said separator layers 
comprises a substantially fluid impermeable plate 
having oppositely facing major planar surfaces. 

The electrochemical fuel cell assembly of claim 2 
wherein said at least one coolant stream passage 
extends substantially parallel to said major planar 
surfaces. 

The electrochemical fuel cell assembly of claim 3 
wherein said at least one coolant stream passage 
comprises at least one channel formed in one of 
sakJ surfaces of said plate. 

The electrochemical fuel cell assembly of claim 4 
wherein said at least one reactant stream passage 
comprises at least one channel formed in one of 
sakJ surfaces of said plate. 



Claims 

1 . An electrochemical fuel cell assembly comprising: 
a pair of separator layers; 



55 



6. The electrochemical fuel cell assembly of claim 3 
wherein said at least one of said separator layers 
further comprises a porous layer interposed be- 
tween said plate and said membrane electrode as- 
sembly and said at least one reactant stream pas- 
sage comprises the interstices of said porous layer. 
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7. TTie electrochemical fuel cell assembly of claim 6 
wherein said at least one coolant stream passage 
comprises at least one coolant stream conduit ex- 
tending through said porous layer f luidly connecting 
said coolant stream inlet and said coolant stream s 
outlet. 

8. The electrochemicat fuel cell assembly of claim 2 
wherein said at least one coolant stream passage 
extends through said plate from one of said major w 
planar surfaces to the other of said major planar sur* 
faces, said at least one coolant stream passage ex- 
tending substantially perpendicular to said major 
planar surfaces. 

75 

9. The electrochemical fuel cell assembly of claim 8 
wherein said remaining portion comprises a plural- 
ity of noncontiguous regions. 

1 0. An electrochemical fuel cell stack comprising a plu- 20 
rallty of fuel cells and a separator layer interposed 
between each pair of adjacent fuel cells, each of 
said fuel cells comprising: 

a membrane electrode assembly comprising 
a pair of electrodes and an ion exchange membrane 25 
interposed therebetween, said electrodes having 
electrocatalyst associated therewith defining an 
electrochemically active area: 

each of said separator layers comprising a re- 30 
actant portion superposing said electrochemi- 
cally active area of said pair of fuel cells and a 
remaining portion not superposing said electro- 
chemically active area; 

each of said separator layers comprising a first 35 
reactant stream inlet, a first reactant stream 
outlet and at least one first reactant stream pas- 
sage in fluid communication with an electrode 
of a first fuel cell of said pair of fuel cells, for 
directing a first reactant stream from said first 40 
reactant stream inlet to said first reactant 
stream outlet, a predominant portion of said at 
least one first reactant stream passage dis- 
posed in said reactant portion; 
each of said separator layers further compris- ^5 
ing a second reactant stream inlet, a second 
reactant stream outlet and at least one second 
reactant stream passage, in fluid communica- 
tion with an electrode of a second fuel cell of 
said pair of fuel cells, for directing a second re- so 
actant stream from said second reactant 
stream inlet to said second reactant stream out- 
let, a predominant portion of said at least one 
second reactant stream passage disposed in 
said reactant portion; 55 
each of said separator layers further compris- 
ing at least one coolant stream inlet, at least 
one coolant stream outlet and at least one cool- 



ant stream passage for directing a coolant 
stream from said at least one coolant stream 
inlet to said at least one coolant stream outlet, 
wherein said at least one coolant stream pas- 
sage is disposed only in said remaining portion 
and is fluidly isolated from said first and second 
reactant stream passages. 

11. The electrochemical fuel cell stack of claim 10 
wherein each of said separator layers comprises a 
substantially fluid impermeable plate having oppo- 
sitely facing major planar surfaces. 

12. The electrochemical fuel cell stack of claim 11 
wherein said at least one coolant stream passage 
extends substantially parallel to said major planar 
surfaces. 

13. The electrochemical fuel cell stack of claim 12 
wherein said at least one coolant stream passage 
comprises at least one channel formed in at least 
one of said surfaces of said plate. 

14. The electrochemical fuel cell stack of claim 13 
wherein said at least one first reactant stream pas- 
sage comprises at least one channel formed in one 
of said surfaces of said plate and said at least one 
second reactant stream passage comprises at least 
one channel formed in said oppositely facing sur- 
face of said plate. 

15. The electrochemical fuel cell stack of claim 14 
wherein said at least one coolant stream passage 
comprises at least one channel formed in each of 
said surfaces of said plate. 

16. The electrochemical fuel cell stack of claim 12 
wherein said separator layer further comprises a 
porous layer interposed between said plate and 
said first fuel cell, and said at least one first reactant 
stream passage comprises the interstices of said 
porous layer. 

17. The electrochemical fuel cell stack of claim 16 
wherein said at least one coolant stream passage 
comprises at least one coolant stream conduit ex- 
tending through said porous layer fluidly connecting 
said coolant stream inlet and saki coolant stream 
outlet. 

18. The electrochemical fuel cell stack of claim 11 
wherein said at least one coolant stream passage 
extends through said plate from one of said major 
planar surfaces to the other of said major planar sur- 
faces, said at least one coolant stream extending 
substantially perpendicular to said major planar sur- 
faces. 
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19. The electrochemical fuel cell stack of claim 18 
wherein said remaining portion comprises a plural- 
ity of noncontiguous regions. 

20. The electrochemical fuel cell stack of claim 10 5 
wherein said coolant Is a \\qu\6. 

21. The electrochemical fuel cell stack of claim 10 
wherein said coolant is a gas. 

10 

22. An electrochemical fuel cell plaque assembly com- 
prising: 

a pair of separator layers; 
a plurality of juxtaposed fuel cells interposed 
between said separator layers, each of said fuel 
cells comprising a membrane electrode assem- 
bly comprising a pair of electrodes and an ion 
exchcinge membrane interposed therebe- 
tween, said electrodes having electrocatalyst 20 
associated therewith defining an electrochem- 
ically active area; 

each of said separator layers comprising a re- 
actant portion comprising a plurality of noncon- 
tiguous regions superposing said plurality of 25 
electrochemically active areas and a remaining 
portion not superposing any of said electro- 
chemically active areas; 
each of said separator layers comprising at 
least one reactant stream inlet, at least one re- 30 
actant stream outlet and a plurality of reactant 
stream passages each in fluid communrcation 
with at least one of saki plurality of electrodes 
for directing a fluid reactant stream from said at 
least one reactant stream Inlet to said at least 35 
one reactant stream outlet, a predominant por- 
tion of each of sakl plurality of reactant stream 
passages disposed in said reactant portion; 
at least one of said separator layers further 
comprising at least one coolant stream inlet, at 40 
least one coolant stream outlet and at least one 
coolant stream passage for directing a coolant 
stream from said at least one coolant stream 
inlet to said at least one coolant stream outlet, 
wherein said at least one coolant stream pas- ^5 
sage is disposed only in said remaining portion 
and is fluidiy isolated from said at least one re- 
actant stream passage. 

23. The electrochemical fuel cell plaque assembly of 50 
claim 22 wherein said at least one separator layer 
comprises a substantially fluid impermeable plate 
having oppositely facing major planar surfaces. 

24. The electrochemical fuel cell plaque assembly of 55 
claim 23 wherein said at least one coolant stream 
passage comprises at least one channel formed in 
one of said surfaces of said plate. 



25. The electrochemical fuel ceil plaque assembly of 
claim 24 wherein said at least one reactant stream 
passage comprises at least one channel formed in 
one of sakJ surfaces of said plate. 

26. An electrochemical fuel cell stack comprising a plu- 
rality of fuel cell plaque assemblies and a separator 
layer interposed between each pair of adjacent fuel 
cell plaque assemblies, each of said fuel celt plaque 
assemblies comprising: 

a plurality of juxtaposed fuel cells interposed 
between said separator layers, each of said fuel 
cells comprising a membrane electrode assem- 
bly comprising a first electrode and a second 
electrode and an ion exchange membrane in- 
terposed therebetween, each of said elec- 
trodes having electrocatalyst associated there- 
with defining an electrochemically active area; 
each of said separator layers comprising a re- 
actant portion comprising a plurality of noncon- 
tiguous regions superposing said plurality of 
electrochemically active areas and a remaining 
portion not superposing any of said electro- 
chemically active areas; 
each of said separator layers comprising at 
least one first reactant stream inlet, at least one 
first reactant stream outlet and a plurality of first 
reactant stream passages each in fluid commu- 
nication with at least one of said first electrodes 
of a first fuel cell assembly of said pair of adja- 
cent assemblies, for directing a first fluid reac- 
tant stream from said first reactant stream inlet 
to said first reactant stream outlet, a predomi- 
nant portion of said at least one first reactant 
stream passage disposed in said reactant por- 
tion; 

each of sakt separator layers further compris- 
ing at least one second reactant stream inlet, 
at least one second reactant stream outlet and 
a plurality of second reactant stream passages 
each in fluki communication with at least one 
of sakl second electrodes of a second fuel cell 
assembly of said pair of adjacent assemblies, 
for directing a second fluid reactant stream from 
said second reactant stream inlet to said sec- 
ond reactant stream outlet, a predominant por- 
, tion of said at least one second reactant stream 
passage disposed in said reactant portion; 
each of said separator layers further compris- 
ing at least one coolant stream inlet, at least 
one coolant stream outlet and at least one cool- 
ant stream passage for directing a coolant 
stream from said at least one coolant stream 
inlet to said at least one coolant stream outlet, 
wherein said at least one coolant stream pas- 
sage is disposed only in said remaining portbn 
and is fluidiy isolated from said at least one first 
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and said at least one second reactant stream 
passage. 

27. The electrochemical fuel cell stack of claim 26 
wherein each of said separator layers comprises a 
substantially fluid impermeable plate having oppo- 
sitely facing major planar surfaces. 

28. The electrochemical fuel cell stack of claim 27 
wherein said at least one coolant stream passage 
comprises at least one channel fomied in one of 
said surfaces of said plate. 

29. The electrochemical fuel cell stack of claim 28 
wherein said at least one first reactant stream pas- 
sage comprises at least one channel formed In one 
of said surfaces of sakj plate. 



Patentanspruche 

1 . Elektrochemischer Brennstoffzellenaufbau mit: 
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auslass zu leiten, wobei die wenigstens eine 
Kuhlmittelstrompassage ledlgllch in dem restli- 
chen Bereich angeordnet und von der wenig- 
stens einen Reaktandenstrompassage fluidge- 
trennt ist. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 1, wot)ei die wenigstens eine der Sepa- 
ratorschlchten eine im Wesentlichen fluidundurch- 
lassige Platte mit einander entgegengesetzten pla- 
naren Hauptoberfldchen beinhaltet. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 2. wobei sich die wenigstens eine Kuhl- 
mittelstrompassage im Wesentlichen parallel zu 
den planaren Hauptoberfldchen erstreckt. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 3, wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens einen Kanal beinhaltet* 
der in einer der Oberflachen der Platte ausgebikJet 
ist. 



einem Paar Separatorschichten; 5. 

25 

einem Membranelektrodenaufbau, der zwi- 
schen die Separatorschichten eingefugt ist. 
wobei der Membranelektrodenaufbau ein Paar 
Elektroden und eine dazwischen eingefugte lo- 
nenaustauschmembran beinhaltet, wobei die 30 6. 
Elektroden einen damit verknupften Elektroka- 
talysator aufweisen. der ein elektrochemisch 
aktives Gebiet definiert; 

wobei jede der Separatorschichten einen Re- 35 
aktandenbereich, der das elektrochemisch ak- 
tive Gebiet liberlagert, und einen restlichen Be- 
reich beinhaltet. der das elektrochemisch akti- 7. 
ve Gebiet nicht uberlagert; 

40 

wobei jede der Separatorschichten einen Re- 
aktandenstromeinlass. einen Reaktanden- 
stromauslass und wenigstens eine Reaktan- 
denstrompassage beinhaltet, die mit einer der 
Elektroden in Fluidverbindung steht, urn einen 45 a. 
Fluldreaktandenstrom von dem Reaktanden- 
stromeinlass zu dem Reaktandenstromauslass 
zu leiten, wobei ein uberwiegender Teil der we- 
nigstens einen Reaktandenstrompassage in 
dem Reaktandenbereich angeordnet ist; so 

wobei wenigstens eine der Separatorschichten 
des weiteren wenigstens einen Kuhlmittelstro- 
meinlass. wenigstens einen Kuhlmittelstrom- 9. 
auslass und wenigstens eine Kuhlmittelstrom- 55 
passage beinhaltet, urn einen Kuhlmittelstrom 
von dem wenigstens einen Kiihlmittelstromein- 
lass zu dem wenigstens einen Kuhlmrttelstrom- 



Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 4, wobei die wenigstens eine Reaktan- 
denstrompassage wenigstens einen Kanal beinhal- 
tet, der in einer der Oberfldchen der Platte ausge- 
bikiet ist 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 3, wobei die wenigstens eine der Sepa- 
ratorschichten des Weiteren eine porose Schlcht 
beinhaltet, die zwischen der Platte und dem Mem- 
branelektrodenaufbau eingefugt ist, und die wenig- 
stens eine Reaktandenstrompassage die Poren- 
rdume der pordsen Schlcht beinhaltet. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 6, wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens eine Kuhimittelstromlei- 
tung beinhaltet, die sich durch die porose Schlcht 
erstreckt und den Kuhlmittelstromeinlass und den 
Kuhtmittelstromauslass fluidverbindet. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 2, wobei sich die wenigstens eine Kuhl- 
mittelstrompassage durch die Platte von einer der 
planaren Hauptoberf lachen zu der anderen der pla- 
naren Hauptol>erflachen erstreckt, wobei sich die 
wenigstens eine Kuhlmittelstrompassage im We- 
sentltehen senkrecht zu den planaren Hauptober- 
flachen erstreckt. 

Elektrochemischer Brennstoffzellenaufbau nach 
Anspruch 8, wobei der restliche Bereich eine Mehr- 
zahl von nicht zusammenhangenden Bereichen be- 
inhaltet. 
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10- Elektrochemlscher Brennstoffzellenstapel mit einer 
Mehrzahl von Brennstoffzellen und einer Separa- 
torschicht. die zwischen jedes Paar benachbarter 
Brennstoffzellen eingefugt ist, wobei jede der 
Brennstoffzellen beinhaltet: 5 



1 1 . Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 1 0» wobei jede der Separatorschichten eine 
im Wesentlichen fluidundurchiassige Platte mit ein- 
ander entgegengesetzten planaren Hauptoberfla- 
chen beinhaltet. 



einen Membranelektrodenaufbau mit einem 
Paar Elektroden und einer dazwischen einge- 
fugten lonenaustauschmembran, wobei die 
Elektroden einen damit verknupften Elektroka- io 
talysator aufweisen, der ein elektrochemisch 
aktives Qebiet definiert; 

wobei jede der Separatorscfiicfiten einen Re- 
aktandent)ereich, der das elektrochemisch ak- is 
tive Qebiet iiberlagert. und einen restlichen Be- 
reich beinhaltet, der das elektrochemisch akti- 
ve Gebiet nicht uberlagert; 

wobei jede der Separatorschichten einen er- 20 
sten Reaktandenstromeinlass, einen ersten 
Reaktandenstromauslass und wenigstens eine 
erste Reaktandenstrompassage beinhaltet. die 
mit einer Elektrode einer ersten Brennstoffzelle 
des Paars von Brennstoffzellen in Fluidverbin- 25 
dung steht, um einen ersten Fiuidreaktanden- 
strom von dem ersten Reaktandenstromein* 
lass zu dem ersten Reaktandenstromauslass 
zu leiten, wobei ein ubenviegender Teii der we- 
nigstens einen ersten Reaktandenstrompassa- 30 
ge in dem Reaktandenbereich angeordnet ist; 



1 2. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 1 1 , wobei sich die wenigstens eine Kuhlmit- 
telstrompassage Im Wesentlichen parallel zu den 
planaren Hauptoberflachen erstreckt. 

13. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 12, wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens einen Kanal beinhaltet, 
der in wenigstens einer der Oberfiachen der Platte 
ausgebikJet ist. 

1 4. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 13, wobei die wenigstens eine erste Reak- 
tandenstrompassage wenigstens einen Kanal be- 
inhaltet. der in einer der Oberf Idchen der Platte aus- 
gebikiet ist, und die wenigstens eine zweite Reak- 
tandenstrompassage wenigstens einen Kanal be- 
inhaltet, der in der entgegengesetzten Oberflache 
der Platte ausgebildet ist. 

1 5. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 14, wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens einen Kanal beinhaltet, 
der in jeder der Oberfiachen der Platte ausgebildet 
ist. 



wobei jede der Separatorschichten des Weite- 
ren einen zweiten Reaktandenstromeinlass, ei- 
nen zweiten Reaktandenstromauslass und we- 35 
nigstens eine zweite Reaktandenstrompassa- 
ge beinhaltet, die mit einer Elektrode einer 
zweiten Brennstoffzelle des Paars von Brenn- 
stoffzellen In Fluldverbindung steht, um einen 
zweiten Fluidreaktandenstrom von dem zwei- 40 
ten Reaktandenstromeinlass zu dem zweiten 
Reaktandenstromauslass zu leiten. wobei ein 
uberwiegender Teil der wenigstens einen zwei- 
ten Reaktandenstrompassage in dem Reak- 
tandenbereich angeordnet Ist; 45 



1 6. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 12, wobei die Separalorschicht des Weite- 
ren eine zwischen der Platte und der ersten Brenn- 
stoffzelle eingefugte porose Schicht beinhaltet und 
die wenigstens eine erste Reaktandenstrompassa- 
ge die PorenrSume der pordsen Schicht beinhaltet. 

1 7. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 16. wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens eine Kuhlmittelstromlei- 
tung beinhaltet, die sich durch die porose Schicht 
erstreckt und den Kuhlmlttelstromeinlass und den 
Kuhlmittelstromaustass ftuidverbindet. 



wobei jede der Separatorschichten des Weite- 
ren wenigstens einen Kuhlmlttelstromeinlass, 
wenigstens einen Kuhlmittelstromauslass und 
wenigstens eine Kuhlmittelstrom passage be- so 
inhaltet, um einen Kuhlmittelstrom von dem we- 
nigstens einen Kuhlmlttelstromeinlass zu dem 
wenigstens einen Kuhlmittelstromauslass zu 
leiten, wobei die wenigstens eine Kuhlmittel- 
strompassage ledigllch In dem restlichen Be- ss 
reich angeordnet und von der ersten und der 
zweiten Reaktandenstrompassage fluidge- 
trennt ist. 



1 8. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 1 1 . wobei sich die wenigstens eine Kuhlmit- 
telstrom passage durch die Platte von einer der pla- 
naren Hauptoberflachen zu der anderen der plana- 
ren Hauptoberflachen erstreckt, wobei sich der we- 
nigstens eine Kuhlmittelstrom im Wesentlichen 
senkrecht zu den planaren Hauptoberflachen er- 
streckt. 

1 9. Elektrochemischer Brennstoffzellenstapel nach An- 
spruch 18, wobei der restliche Bereich eine Mehr- 
zahl von nicht zusammenhangenden Bereichen be- 
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inhaltet. 

20. Elektrochemischer Brennstoffzellenstapei nach An- 
spruch 1 0, wobei das Kuhlmittel eine Flussigkeit ist. 

21. Elektrochemischer Brennstoffzellenstapei nach An- 
spruch 10, wobei das Kuhlmittel ein Gas ist. 

22. Elektrochemischer Brennstoffzeltenplattenaufbau 
mit: 

einem Paar Separatorschichten; 

einer Mehrzahl aneinandergrenzender Brenn- 
stoffzellen, die zwischen die Separatorschich- 
ten eingefugt sind. wobei jede der Brennstoff- 
zellen einen Membranetektrodenaufbau ent- 
halt. der ein Paar Etektroden und eine dazwl- 
schen eingefugte lonenaustauschmembran 
beinhaltet, wobei die Elektroden einen damit 
verknupften Elektrokatalysator aufweisen, der 
ein elektrochemisch aktives Gebiet definlert; 

wobei jede der Separatorschichten einen Re- 
aktandenbereich, der eine Mehrzahl nicht zu- 
sammenhangender Bereiche beinhaltet. wel- 
Che die Mehrzahl elektrochemisch aktiver Ge- 
biete uberlagem, und einen restitohen Berelch 
beinhaltet, der keines der elektrochemisch ak- 
tiven Gebiete uberlagert; 

wobei jede der Separatorschichten wenigstens 
einen Reaktandenstromeinlass, wenigstens el- 
nen Reaktandenstromauslass und eine Mehr- 
zahl von Reaktandenstrompassagen beinhal- 
tet, die jeweils mit wenigstens einer der Mehr- 
zahl von Elektroden in Fluklverbindung steht. 
um einen Fluidreaktandenstrom von dem we- 
nigstens einen Reaktandenstromeinlass zu 
dem wenigstens einen Reaktandenstromaus- 
lass zu ieiten. wobei ein ubenA/iegenderTeil von 
jeder der Mehrzahl von Reaktandenstrompas- 
sagen in dem Reaktandenbereich angeordnet 
ist; 

wobei wenigstens eine der Separatorschichten 
des Weiteren wenigstens einen Kuhlmittelstro- 
meinlass. wenigstens einen Kuhlmittelstrom- 
auslass und wenigstens eine Kuhlmittelstrom- 
passage beinhaltet, um einen Kuhlmittelstrom 
von dem wenigstens einen Kuhlmittelstromein- 
tass zu dem wenigstens einen Kuhlmittelstrom- 
auslass zu Ieiten, wobei die wenigstens eine 
Kuhlmittelstrompassage lediglich in dem restli- 
chen Bereich angeordnet und von der wenig- 
stens einen Reaktandenstrompassage fiuidge- 
trennt ist. 



23. Elektrochemischer Brennstoffzellenplattenaufbau 
nach Anspruch 22, wobei die wenigstens eine Se* 
paratorschicht eine im Wesentlk:hen fluidundurch- 
lassige Platte mit einander entgegengesetzen pla- 

5 naren Hauptoberflachen beinhaltet. 

24. Elektrochemischer Brennstoffzellenplattenaufbau 
nach Anspruch 23, wobei die wenigstens eine Kuhl- 
mittelstrompassage wenigstens einen Kanai be- 

10 inhaltet. der in einer der Oberf iachen der Platte aus- 
gebildet ist. 



25. Elektrochemischer Brennstoffzellenplattenaufbau 
nach Anspruch 24, wobei die wenigstens eine Re- 
aktandenstrompassage wenigstens einen Kanat 
beinhaltet. der in einer der Oberflachen der Platte 
ausgebikJet ist. 

26. Elektrochemischer Brennstoffzellenstapei mit einer 
Mehrzahl von Brennstoffzellenplattenaufbauten 
und einer Separatorschk;ht. die zwischen jedes 
Paar angrenzender Brennstoffzellenplattenauf bau- 
ten eingefugt ist, wobei jede der Brennstoffzellen- 
plattenaufbauten beinhaltet: 

eine Mehrzahl aneinandergrenzender Brenn- 
stoffzellen, die zwischen die Separatorschich- 
ten eingefugt sind, wobei jede der Brennstoff- 
zellen einen Membranetektrodenaufbau ent- 
halt, der eine erste und eine zweite Elektrode 
und eine dazwischen eingefugte lonenaus- 
tauschmembran beinhaltet. wobei jede der 
Elektroden einen damit verknupften Elektroka- 
talysator aufweist, der ein elektrochemisch ak- 
tives Gebiet definiert; 

wobei jede der Separatorschk:hten einen Re- 
aktandenbereich. der eine Mehrzahl nicht zu- 
sammenhangender Bereiche beinhaltet. wel- 
che die Mehrzahl elektrochemisch aktiver Ge- 
biete uberlagern, und einen restlichen Bereich 
beinhaltet, der keines der elektrochemisch ak- 
tiven Gebiete uberlagert; 

wobei jede der Separatorschichten wenigstens 
einen ersten Reaktandenstromeinlass, wenig- 
stens einen ersten Reaktandenstromauslass 
und eine Mehrzahl von ersten Reaktanden- 
strompassagen beinhaltet, die jeweils mit we- 
nigstens einer der ersten Elektroden eines er- 
sten Brennstoffzellenaufbaus des Paars be- 
nachbarter Aufbauten in Fluidverbindungsteht. 
um einen ersten Fluidreaktandenstrom von 
dem ersten Reaktandenstromeinlass zu dem 
ersten Reaktandenstromauslass zu Ieiten. wo- 
bei ein ubenA^iegender Teil der wenigstens ei- 
nen ersten Reaktandenstrompassage in dem 
Reaktandenberek;h angeordnet ist; 
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wobei jede der Separatorschichten des Weite- 
ren wenigstens einen zweiten Reaktandenstro- 
meinlass, wenigstens einen zweiten Reaktan* 
denstromauslass und eine Mehrzahl von zwei- 
ten Reaktandenstrompassagen beinhaltet^ die 
jeweils mit wenigstens einer der zweiten Elek- 
troden eines zweiten Brennstoffzeilenaufbaus 
des Paars benachbarter Aufbauten in Fluidver- 
bindung steht, urn einen zweiten Ruidreaktan- 
denstrom von dem zweiten Reaktandenstro- 
meinlass zu dem zweiten Reaktandenstrom- 
auslass zu leiten, wobei ein iiberwiegender Teii 
der wenigstens einen zweiten Reaktanden- 
strompassage in dem Reaktandent>ereich an- 
geordnet ist; 

wobei jede der Separatorschichten des Weite- 
ren wenigstens einen Kuhlmittelstromeinlass, 
wenigstens einen Kuhlmitteistrom auslass und 
wenigstens eine Kuhlmitteistrom passage be- 
inhaltet, urn einen Kuhlmitteistrom von dem we- 
nigstens einen Kuhlmittelstromeinlass zu dem 
wenigstens einen Kuhlmittelstromaustass zu 
leiten, wobei die wenigstens eine Kuhlmittel- 
strompassage lediglich in dem restlichen Be- 
reich angeordnet und von der wenigstens einen 
ersten und der wenigstens einen zweiten Re- 
aktandenstrompassage fluidgetrennt ist. 

27. Elektrochemischer Brennstoffzeilenstapel nach An- 
spruch 26, wobei jede der Separatorschichten eine 
im Wesentlichen fluidundurchlassige Platte mit ein- 
ander entgegengesetzen planaren Hauptoberfta- 
chen belnhaltet. 

28. Elektrochemischer Brennstoffzeilenstapel nach An- 
spruch 27. wobei die wenigstens eine Kuhlmittel- 
strompassage wenigstens einen Kanal beinhaltet. 
der in einer der Oberfldchen der Platte ausgebildet 
ist 

29. Elektrochemischer Brennstoffzeilenstapel nach An- 
spruch 28. wobei die wenigstens eine erste Reak- 
tandenstrompassage wenigstens einen Kanal be- 
inhaltet. der in einer der Oberflachen der Platte aus- 
gebildet ist. 



Revendications 

1 . Un assemblage de cellule k combustible electrochi- 
mique comprenant : 

une paire de couches separatrices ; 

un assemblage d'electrode k membrane inter- 
pose entre les couches s6paratrices, I'assem- 
blage d'electrode a membrane comprenant une 
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paire d'electrodes et une membrane echan- 
geuse d'ions interpos^e entre celles-ci. les 
Electrodes comprenant un catalyseur Electrt- 
que associE, definissant ainsi une zone Elec- 
trochimiquement active ; 

chacune des couches separatrices compre- 
nant une partle reactive superposee k la zone 
electrochimiquement active et une partre res- 
tante non superposee k la zone electrochimi- 
quement active ; 

chacune des couches separatrices compre- 
nant une entree de flux de reactant, une sortie 
de flux de reactant et au moins un passage de 
flux de reactant en communrcation fluidique 
avec rune des electrodes, afin de diriger un flux 
de reactant liquide depuis i'entree de flux de 
reactant vers la sortie de flux de reactant, la 
partie principaie dudit au moins un passage de 
flux de reactant etant disposee dans la partie 
reactive ; 

au moins une des couches separatrices com- 
prenant egalement au moins une entree de flux 
de refrigerant et au moins une sortie de flux de 
refrigerant, et au moins un passage de flux re- 
frigerant afin de diriger un flux de refrigerant de- 
puis ladrte au moins une entree de flux de re- 
frigerant vers ladite au moins une sortie de flux 
de refrigerant, et ou ledit au moins un passage 
de flux de refrigerant est dispose uniquement 
dans la partie restante et est isoie fluidique- 
ment par rapport audit au moins un passage de 
flux de reactant. 

L'assemblage de cellule a combustible eiectrochi- 
mique confomie k la revendicatfon 1 et ou ladite au 
moins une couche separatrice comprend une pla- 
que substantieilement impermeable aux fluides et 
possedant des surfaces principaies opposees pla- 
nes. 

L'assemblage de cellule a combustible electrochi- 
mique conforme k la revendication 2 et oil ledit au 
moins un passage de flux de refrigerant s'etend es- 
sentiellement parallelement aux surfaces principa- 
ies planes. 

L'assemblage de cellule a combustible eiectrochi- 
mique conforme a la revendication 3 et ou ledit au 
moins un passage de flux de refrigerant comprend 
au moins un canal forme dans Tune des surfaces 
de la plaque. 

L'assemblage de cellule k combustible eiectrochi- 
mique conforme k la revendication 4 et ou ledit au 
moins un passage de flux de reactant comprend au 
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moins un canal form^ dans Tune des surfaces de la 
plaque. 

6. L'assemblage de cellule k combustible ^lectrochi- 
mique conforme a la revendication 3 et ou ladite au 5 
moins une des couches s^paratrices comprend 
egalement une couche poreuse interpos^e entre la 
plaque et {'assemblage d'6lectrode d membrane, et 

ou tedit au moins un passage de flux de r^actant 
comprend les interstices de la couche poreuse. io 

7. L'assemblage de cellule a combustible electrochl- 
mique conforme k la revendication 6 et ou tedit au 
moins un passage de flux de refrigerant comprend 

au moins un conduit de flux de refrigerant traversant is 
ia couche poreuse et reliant fluidiquement I'entr^ 
du flux de refrigerant a la sortie du flux de refrig6« 
rant. 

8. L'assemblage de cellule a combustible electrochi* 20 
mique conforme a la revendication 2 et ou ledit au 
moins un passage de flux de refrigerant traverse la 
plaque depuis Tune des surfaces principales planes 
vers I'autre des surfaces principales planes, ledit au 
moins un passage de flux de refrigerant s'etend es- 2s 
sentiellement perpendiculairement aux surfaces 
principales planes. 

9. L'assemblage de cellule k combustible electrochi- 
mique conforme k la revendication 8 et ou la partie 30 
restante comprend une plurality de zones non con- 
tigues. 

10. Un empilage de cellules k combustible electrochi- 
miques compose d'une pluralite de cellules k com- 35 
bustible et d'une couche separatrice interposee en- 
tre chaque paire de cellules k combustible adjacen- 
tes, chacune des cellules k combustible 
comprenant : 

un assemblage d'eiectrode k membrane com- ^0 
prenant une paire d'eiectrodes et une membrane 
echangeuse d'ions interposee entre celles-ci* les 
electrodes comportant un catalyseur eiectrique as- 
socie definissant ainsi une zone eiectrochimique- 
ment active : 45 

chacune des couches separatrices compre- 
nant une partie reactive superposee k la zone 
electrochimiquement active et une partie res- 
tante non superposee k la zone eiectrochimi- so 
quement active ; 

chacune des couches separatrices compre- 
nant une premiere entree de flux de reactant, 
une premiere sortie de flux de reactant et au 55 
moins un premier passage de flux de reactant 
en communication fluidique avec une electrode 
d'une premiere cellule k combustible, afin de 



diriger un premier flux de reactant depuis la pre- 
miere entree de flux de reactant vers ia premie- 
re sortie de flux de reactant, la partie principale 
dudit au moins premier passage de flux de 
reactant etant disposee dans la partie reactive ; 

chacune des couches separatrices compre- 
nant egatement une seconde entree de flux de 
reactant, une seconde sortie de flux de reactant 
et au moins un second passage de flux de reac- 
tant en communication fluidique avec une 
electrode d'une deuxieme cellule k combusti- 
ble de la paire de cellules a combustibles, afin 
de diriger un second flux de reactant depuis la 
seconde entree de flux de reactant jusqu'^ la 
seconde sortie de flux de reactant. la partie 
principale dudit au moins second passage de 
flux de reactant etant disposee dans la partie 
reactive ; 

chacune des couches separatrices compre- 
nant egalement au moins une entree de flux de 
refrigerant et au moins une sortie de flux de re- 
frigerant et au moins un passage de flux de re- 
frigerant afin de diriger un flux de refrigerant de- 
puis ladite au moins une entree de flux de re- 
frigerant jusqu'd ladite au moins une sortie de 
flux de refrigerant, et oij ledit au moins un pas- 
sage de flux de refrigerant est dispose unique- 
ment dans la partie restante et est isoie fluidi- 
quement par rapport aux premier et au second 
passages de flux de reactant. 

11. L'empilage de cellules a combustible eiectrochlmi- 
ques conforme k la revendication 1 0. et ou chacune 
des couches separatrices comprend une plaque 
substantiellement impermeable aux fluides et pos- 
sedant des surfaces principales opposees planes. 

12. L'empilage de cellules a combustible eiectrochimi- 
ques conforme k la revendication 11 , et ou ledit au 
moins un passage de flux de refrigerant s'etend es- 
sentiellement paralieiement aux surfaces principa- 
les planes. 

13. L'empilage de cellules a combustible eiectrochiml- 
ques conforme k la revendication 12, et ou ledit au 
moins un passage de flux de refrigerant comprend 
au moins un canal form6 dans au moins I'une des 
surfaces de la plaque. 

14. L'empilage de cellules a combustible eiectrochimi- 
ques conforme k la revendication 13, et ou ledit au 
moins un premier passage de flux de reactant com- 
prend au moins un canal forme dans I'une des sur- 
faces de la plaque, et ledit au moins un second pas- 
sage de flux de reactant comprend au moins un ca- 
nal fonne dans la surface opposee de la plaque. 
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15. L'empilage de cellules k combustible electrochimi- 
ques conforme k la revendication 1 4, et ou ledit au 
moins un passage de flux de refrigerant comprend 
au moins un canal form6 dans chacune des surfa- 
ces de la plaque. 

16. L'empilage de cellules k combustible ^lectrochimi- 
ques confonne k la revendication 12. et ou la cou- 
che s^paratrice comprend ^galement une couche 
poreuse interpos^e entre la plaque et la premiere 
cellule k combustible, et ou ledit au moins premier 
passage de flux de r^actant comprend les intersti- 
ces de la couche poreuse. 

17. L'empilage de cellules a combustible electrochimi- 
ques conforme k la revendication 1 6. et ou ledit au 
moins un passage de flux de refrigerant comprend 
au moins un conduit de flux de refrigerant traversant 
la couche poreuse et reliant fluidiquement Tentree 
de flux de refrigerant et la sortie de flux de refrige- 
rant. 

18. L'empilage de cellules k combustible eiectrochimi- 
ques conforme k la revendication 11 , et ou ledit au 
moins un passage de flux de refrigerant traverse la 
plaque depuis t'une des surfaces principales planes 
jusqu'^ Tautre des surfaces principales planes, ledit 
au moins un passage de flux de refrigerant s'etend 
essentieliement perpendiculalrement aux surfaces 
principales planes. 

19. L'empilage de cellules k combustible eiectrochimi- 
ques conforme k la revendication 1 8. et oil la partle 
restante comprend une pluralite de zones non con- 
tigues. 

20. L'empilage de cellules k combustible electrochimi- 
ques confonme k la revendication 10, et ou le refri- 
gerant est un liquide. 

21. L'empilage de cellules k combustible electrochiml- 
ques conforme k la revendication 1 0. et ou le refri- 
gerant est un gaz. 

22. Un assemblage de cellule k combustible eiectrochi- 
mique en plaque, comprenant : 

une paire de couches separatrices ; 

une pluralite de cellules a combustible juxtapo- 
sees et interposees entre les couches separa- 
trices, chacune des cellules k combustible 
comprenant un assemblage d'eiectrode k 
membrane comprenant une paire d'electrodes 
et une membrane echangeuse d'ions interpo- 
see entre celles-ci, les electrodes comprenant 
un catalyseur eiectrique associe. definissant 
ainsi une zone eiectrochimiquement active ; 



chacune des couches separatrices compre- 
nant une partie reactive comprenant une plura- 
lite de zones non contigues superposees a cet- 
te pluralite de zones eiectrochimiquement acti- 
s ves et une partie restante non superposee aux 

zones eiectrochimiquement actives ; 

chacune des couches separatrices compre- 
nant au moins une entree de flux de r6actant, 

^0 au moins une sortie de flux de reactant et une 

pluralite de passages de flux de reactant tous 
en communication fluidique avec au moins une 
de la pluralite d'electrodes. afin de diriger un 
flux de reactant liquide depuis ladite au moins 

15 une entree de flux de reactant vers ladite au 

moins une sortie de flux de reactant. la partie 
principale de la pluralite de passages de flux de 
reactant etant disposee dans la partie reactive ; 

20 au moins une des couches separatrices com- 

prenant egalement au moins une entree de flux 
de refrigerant et au moins une sortie de flux de 
refrigerant, et au moins un passage de flux de 
refrigerant afin de diriger un flux de refrigerant 

25 depuis ladite au moins une entree de flux de 

refrigerant vers ladite au moins une sortie de 
flux de refrigerant, et ou ledit au moins un pas- 
sage de flux de refrigerant est dispose unique- 
ment dans la partie restante et est isoie fluidi- 

30 quement par rapport audit au moins un passa- 

ge de flux de reactant. 

23. L'assemblage de cellule k combustible eiectrochi- 
mique en plaque conforme k la revendication 22 et 
35 ou au moins une des couches separatrices com- 
prend un plaque substantiellement impenneable 
aux fluides et possedant des surfaces principales 
opposees planes. 

^ 24. L'assemblage de cellule k combustible eiectrochi- 
mique en plaque conforme k la revendication 23 et 
ou ledit au moins un passage de flux refrigerant 
comprend au moins un canal forme dans I'une des 
surfaces de la plaque. 

45 

25. L'assemblage de cellule k combustible eiectrochi- 
mique en plaque conforme a la revendication 24 et 
ou ledit au moins un passage de flux de reactant 
comprend au moins un canal form6 dans Tune des 

50 surfaces de la plaque. 

26. Un empilage de cellules a combustible eiectrochi- 
miques comprenant une pluralite d'assemblages de 
cellules a combustible en plaque et une couche se- 

55 paratrice interposee entre cheque paire adjacente 
d'assemblages de cellules a combustible en pla- 
que, chacun des assemblages de cellules a com- 
bustible en plaque comprenant : 
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une plurality de cellules a combustible juxtapo- 
s^es et interposee entre les couches s^paratri- 
ces. chacune des cellules k combustible com- 
prenant un assemblage d'electrodes k mem- 
brane comprenant une premiere Electrode, une 5 
seconde electrode et une membrane echan- 
geuse d'ions interposee entre celles-ci, chacu* 
ne des electrodes comprenant un cataiyseur 
electrique associ^ d^finissant ainsi une zone 
electrochimiquement active ; io 

chacune des couches separatrices compre- 
nant une partie reactive comprenant une plura- 
lity de zones non contigues superposees a la 
plurality des zones Electrochimiquement acti- is 
ves et une partie restante non superpos^e aux 
zones Electrochimiquement actives ; 

chacune des couches separatrices compre- 
nant au moins une premiere entree de flux de 20 
rEactant. au moins une premiere sortie de flux 
de rEactant et une plurality de premiers passa- 
ges de flux de rEactant, tous en communication 
ftuidique avec au moins une des premieres 
electrodes d'un premier assemblage de cellu- 25 
les k combustible de la paire d'assemblages 
adjacents. afin de diriger un premier flux de 
reactant liquide depuis la premiere entrEe de 
flux de reactant vers la premiere sortie de flux 
de rEactant, la partie principale dudit au moins 30 
premier passage de flux de reactant Etant dis- 
posEe dans la partie rEactive ; 



quement dans la partie restante et est isole f lui- 
diquement par rapport au passage de flux de 
rEactant. 

27. L'empilage de cellules k combustible electrochimi- 
ques confomie k la revendication 26, et ou chacune 
des couches separatrices comprend une plaque 
substantiellement impermeable aux fluides et pos- 
sEdant des surfaces principales opposEes planes 

28. L'empilage de cellules k combustible electrochimi- 
ques conforme a la revendication 27 et ou ledit au 
moins un passage de flux de refrigerant comprend 
au moins un canal formE dans Tune des surfaces 
de la plaque. 

29. L'empilage de cellules k combustible eiectrochimi- 
ques conforme k la revendication 28 et ou ledit au 
moins premier passage de flux de reactant com- 
prend au moins un canal forme dans Tune des sur- 
faces de la plaque. 



chacune des couches separatrices compre- 
nant egaiement au moins une seconde entree 35 
de flux de reactant, au moins une seconde sor- 
tie de flux de reactant et une pluralite de se- 
conds passages de flux de reactant, tous en 
communication fluidique avec au moins une 
des secondes electrodes d'un second assem- 40 
blage de cellule a combustible de la paire d'as- 
semblages de cellules a combustible adja- 
cents, afin de diriger un second flux de reactant 
liquide depuis la seconde entree de flux de 
reactant vers la seconde sortie de flux de reac- 45 
tant, la partie principale dudit au moins second 
passage de flux de reactant etant disposee 
dans la partie reactive ; 

chacune des couches separatrices com pre- so 
nant egaiement au moins une entree de flux de 
refrigerant et au moins une sortie de flux de re- 
frigerant et au moins un passage de flux de re- 
frigerant afin de diriger un flux de fluide refrige- 
rant depuis ladite au moins une entree de flux 55 
de refrigerant vers ladite au moins une sortie 
de flux de refrigerant, et ou ledit au moins un 
passage de flux de refrigerant est dispose unl- 
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